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The distribution and abundance of viable resting eggs of Acartia pacifica in 
Xiamen Bay were determined by the presence of nauplii in the laboratory. The 
number of viable eggs varied temporally and spatially. The maximum number (9.2×
104 m-2) of viable eggs was in summer. In spring the average concentration of viable 
eggs was 5.6×104 m-2. The abundances of viable eggs in fall and winter were 2.7×
104 and 3.3×104 m-2, respectively. The numbers of viable eggs in inner stations of 
Xiamen Bay were higher than those in outer stations. The viable eggs were found at 
all depths (0~10 cm), although not in every station. The maximum number did not 
necessarily occur in the uppermost centimeter of the sediments but often occurred 
several centimeter below the water-sediment interface. There were no clear 
relationships between viable eggs of A. pacifica and all kinds of fine-fraction particles 
(at 2 µm intervals). 
Sediment cores to a depth of 30 cm, sliced at 1.0 cm intervals, showed that most 
viable resting eggs of A. pacifica distributed near the sediment surface (0－5 cm), and 
the number of viable eggs sharply decreased with the depth of the sediment, although 
resting eggs remained viable as deep as 23 cm. 210Pb analyses of the sediments 
indicated that the maximum age of viable eggs of A. pacifica was 20.5 yr and the 
mean egg age was 4.3 yr. The egg mortality of A. pacifica in the sediment was 0.1408 
yr-1, or 85.92% annual egg survival, by regressing ln (egg density) on the age of the 
sediment. The accumulation of viable resting eggs that can persist for an extended 
period of time provided the evidence for the existence of an egg bank of A. pacifica in 
the sediment of Xiamen Bay. 
 
   The roles of benthic-pelagic coupling in population dynamics of three dominant 
marine copepods in Xiamen Bay, Acartia pacifica, Centrapage tenuiremis, and 
Calanus sinicus, were assessed.  
The seasonal occurrence of A. pacifica and their resting eggs in the sediment 















eggs in the sediment increases from January to May with the increase of the 
planktonic females. When the population of A. pacifica disappears from the water 
column, the number of eggs in the sediment begins to decrease and reaches a low 
value due to lack of input. The peak of nauplii abundance occurs when the hatching 
potential of eggs from the sediment is high under the natural environment from 
February to June. The hatching of resting eggs of A. pacifica is essentially 
temperature-dependent after suspension, while photoperiod regimes have no 
significant effect on the hatching. The mean density of subitaneous eggs is 1.1220 g 
cm-3 with a SD of 0.0154 g cm-3. The mean density of diapause eggs is 1.1512 g cm-3 
with a SD of 0.0073 g cm-3. The densities of A. pacifica subitaneous eggs do not 
change with the development of eggs. The mean sinking rate of subitaneous eggs 
ranges from 19.55 to 26.17 m d-1, while the sinking rate of diapause eggs ranges from 
30.29 to 31.28 m d -1. The comparison of the egg deposition time and egg hatching 
time suggests that in most cases virtually all subitaneous eggs of A. pacifica would 
settle to the bottom before hatching, even though the eggs have high potential to hatch. 
The present studies provide the evidence that the seasonal dynamics of A. pacifica is 
accompanied by benthic-pelagic coupling. 
C. tenuiremis is the winter-spring dominant copepod species in Xiamen Bay. It 
begins to appear in late October and increases in number until annual maximum 
density is reached in early March. After the annual maximum, the planktonic 
population is gradually reduced and completely disappears by the end of June. During 
the period from October to April, eggs spawned are exclusively subitaneous in nature. 
In May the females begin to produce diapause eggs. The mean egg production rate 
(EPR) of subitaneous eggs was 28.98 with a SD of 7.96 eggs. female-1, while the 
mean EPR of diapause eggs was 26.87 with a SD of 11.38 eggs. female-1. The mean 
density of subitaneous eggs was 1.1169 g cm-3 with a SD of 0.0109 g cm-3. The mean 
density of diapause eggs was 1.1504 g cm-3 with a SD of 0.0068 g cm-3. The one-way 
ANOVA did not indicate a significant difference in egg density among the different 
developmental stages (P=0.4793). The sinking rate of subitaneous eggs ranged from 















33.42 m d -1. The comparison of the egg deposition time and egg hatching time 
suggests that in most cases virtually all subitaneous eggs of C. tenuiremis would settle 
to the bottom before their hatching even though the eggs have high potential to hatch. 
    The density of C. sinicus eggs was also determined by the density-gradient 
centrifugation in the laboratory. The mean density of eggs was 1.0733 g cm-3 with a 
SD of 0.0087 g cm-3 in Xiamen Bay from December 2002 to May 2003. Based on the 
Stokes' Law, the value of sinking rate for C. sinicus eggs was estimated, ranging from 
43.9 to 67.5 m d-1. The comparison of the egg deposition time and egg hatching time 
suggests that in most cases virtually eggs of C. sinicus would settle to the bottom 
before their hatching in Xiamen Bay even though the eggs have high potential to 
hatch. And the egg sinking as a major mechanism leading to high mortality for C. 
sinicus eggs in the Yellow Sea was discussed. 
 
The potential effects of contamination, including three heavy metals (Cu, Pb, 
and Cd), Fuel Oil #0, and two organochlorine pesticides (HCH and DDT) on the 
recruitment of A. pacifica nauplii from benthic resting eggs in the seabed of Xiamen 
Bay were experimentally investigated.  
The abundance of A. pacifica nauplii hatched from the sediment sharply 
decreased with the increase of metal concentration and exposure time. Trimmed 
Spearman-Karber analysis gave sediment metal 72-h LC50 values of 1.25 mmole 
Cu/kg, 1.73 mmole Pb/kg, and 0.054 mmole Cd/kg, which suggests that Cd was the 
most toxic to A. pacifica resting eggs in three tested metals.  
The number of nauplii emerging from the sediment samples decreased with the 
increasing Fuel Oil #0 concentration. An increase of Fuel Oil #0 concentration from 
50 to 5000 mg kg-1 reduced the number of hatched nauplii by 3.8~100%. The 
mortality of A. pacifica resting eggs due to Fuel Oil #0 did not significantly increase 
as time progressed at each concentration level. The abundance of A. pacifica nauplii 
that hatched from the sediment kept at 10℃ was higher than that from the sediment 
kept at 30℃ may indicate that the toxicity of Fuel Oil #0 on A. pacifica resting eggs 















The abundance of A. pacifica nauplii hatched from the sediment significantly 
decreased with the increase of pesticide concentration. Trimmed Spearman-Karber 
analysis gave sediment 96-h LC50 values of 84.81 ng/g for HCH, and 157.94 ng/g for 
DDT. The median AT (AI50) was –0.77, which suggests that the combined effect of 
HCH and DDT showed a weaker effect than individual effects. There was a positive 
relationship between mortality and exposure time in DDT treatment, while the 
relationship was not significant in HCH treatment. The results suggest that 
contamination can reduce recruitment of A. pacifica nauplii from benthic resting eggs 
to planktonic population. 
 
210Pb analyses of the sediments showed that the maximum age of viable eggs of 
A. pacifica was 20.5 yr and the mean egg age was 4.3 yr, which indicates that A. 
pacifica eggs have an impact on evolutionary time scales. Phenotypic characters 
(oxygen consumption, length, and sex ration) were used to explore whether there were 
genetic differences between an egg bank and active members of a population. The 
mean oxygen consumption of A. pacifica hatched from the eggs produced by 
water-column individuals was 0.1159 µl O2 ind -1h-1 with a SD of 0.0144 µl O2 ind-1h-1, 
while the mean oxygen consumption of A. pacifica hatched from the sediment egg 
bank was 0.1189 µl O2 ind -1h-1with a SD of 0.0066 µl O2 ind -1h-1. The mean length of 
female A. pacifica hatched from the eggs produced by water-column individuals was 
1.4706 mm with a SD of 0.0621mm, while the mean length of female A. pacifica 
hatched from the sediment egg bank was 1.2809 mm with a SD of 0.0541mm. The 
mean length of male A. pacifica hatched from the eggs produced by water-column 
individuals was 1.2803 mm with a SD of 0.0434mm, while the mean length of male A. 
pacifica hatched from the sediment egg bank was 1.1185 mm with a SD of 0.0624mm. 
The sex ratio (female: male) of A. pacifica hatched from the eggs produced by 
water-column individuals was 1.1, while that of A. pacifica hatched from the sediment 
egg bank was 1.5. The data indicate that the sex ratio and length of A. pacifica (female 
or male) hatched from eggs produced by water-column individuals significantly differ 















significant difference in the oxygen consumption between the two subpopulations. 
By adopting the index of diapause and the index of migration, the distribution of 
diapause among copepods were investigated based on the published data of 102 
species from 3 orders of planktonic copepods. The relationship between the index of 
diapause and the index of migration was highly negatively significant (R2=0.3932, 
P<<0.00001, n=102), which suggests that there is a highly negative relationship and a 
trade-off between the diapause ability and the migratory ability among copepods. The 
relationship between the index of migration and the body length was highly positively 
significant (R2=0.3220, P<<0.00001, n=102). And the index of diapause negatively 
covaries with the body length (R2=0.1871, P<0.00001, n=102). The results show that 
strong diapause and weak migration are more common among small copepods, 
whereas large species have weak diapause and strong migration. The index of 
diapause of freshwater copepods is 25.3% higher than that of marine copepods, 
suggesting that species with prolonged diapause tend to be found in inland water. Two 
possible explanations (microevolutionary and macroevoluntionary) for the uneven 
distribution of diapause were discussed.  
 
 
































为 5.6×104 m-2，而秋冬季数量最少，分别为 2.7×104 和 3.3×104 m-2。其水平
分布一般表现为湾内区高于湾外区。在垂直分布上，其最大值往往不是出现在沉
积物最表层，而是出现在最表层下数厘米处。对太平洋纺缍水蚤休眠卵丰度与沉
积物中各种颗粒（以 2 µm 间隔）含量之间的回归分析，并没有发现其数量与沉
积物中某种颗粒含量显著相关。 
对长度为 30 cm 的柱样进行分析，表明太平洋纺缍水蚤存活的休眠卵主要出
现在表层(0－5 cm)，并且随深度的增加迅速减少，但是在 23 cm 处仍发现有存活
的休眠卵存在。210Pb 分析表明，太平洋纺缍水蚤休眠卵的平均年龄为 4.3 年，最
























休眠卵 (resting egg) 的孵化受温度控制，光周期对其没有显著影响。太平洋纺缍
水蚤即孵卵 (subitaneous egg) 的卵密度为 1.1220 g cm-3，而滞育卵 (diapause egg) 
的卵密度为 1.1512 g cm-3。即孵卵的卵密度不随卵的发育而变化。即孵卵的沉降







产卵率为 28.98 eggs. female-1,而滞育卵的产卵率为 26.87 eggs. female-1。瘦尾胸刺
水蚤即孵卵的卵密度为 1.1169 g cm-3，而滞育卵的卵密度为 1.1504g cm-3。即孵
卵的卵密度不随卵的发育而变化。即孵卵的沉降速率为 20.67 ~ 26.66 m d-1，而滞
育卵的沉降速率为 31.35 ~33.42 m d –1。对卵沉降时间和孵化时间的比较表明，
在大多数情况下瘦尾胸刺水蚤即孵卵能够在孵化之前就能沉降到海底。 







蚤无节幼体的数量迅速减少，Spearman-Karber 分析显示，三种重金属 72 小时半

















浓度从 50 增加到 5000 mg kg-1 时，孵化的无节幼体数降低了 3.8~100%。然而太
平洋纺缍水蚤休眠卵的死亡率并没有随＃0 柴油作用时间的增加而增加。在作用
温度为 10℃时孵化出来的幼体数高于其在 30℃时孵化出来的幼体数表明＃0 柴
油对太平洋纺缍水蚤休眠卵的毒性随温度的增高而增加。随着有机氯农药浓度的
增加，从沉积物中孵化出来的太平洋纺缍水蚤无节幼体的数量显著减少，
Spearman-Karber 分析表明，HCH 的 96-h LC50 为 84.81 ng/g，而 DDT 的 96-h LC50
为 157.94 ng/g。HCH 和 DDT 联合毒性的 AI50 为 –0.77，这表明 HCH 与 DDT 的
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